ABSTRACT. Morphogenetic, structural variables and leaf biomass flows of Italian ryegrass (Lolium multiflorum Lam.) were evaluated under two stocking rates: 'Low' and 'High'. These rates were determined by heifers exclusively on pasture or on pasture and supplemented with corn grain. The experimental design was completely randomized following a repeated measure arrangement, two stocking rates, two and four replications of area for the stocking rates 'low' and 'high', respectively. The morphogenetic variables, the number of green leaves and tiller density were similar in both stocking rates. Leaf senescence rate was higher with low stocking rate. Heifers grazed with similar intensity and frequency in both stocking rates. The increase by 33.6% in the stocking rate caused by the use of supplement does not change the leaf biomass flow of Italian ryegrass, but alters its potential efficiency of use near the reproductive stage of the plant.
Introduction
Concentrated supplements can be offered to beef heifers to increase individual and per area weight gain, characterizing addition and substitution in the consumption of forage and supplement (Farias et al., 2012) . The effects of feeding supplements to grazing animals, on temperate forages, include the 20% increase in stocking rate (El-Memari Neto et al., 2003; Pötter et al., 2010) .
Changes in the stocking rate, caused by the supply of supplement, influence directly the intensity and frequency of defoliation of grasses and this can modify the productive and structural variables of the pasture, leading to changes in pasture-animal interactions.
Morphogenetic variables can be used to know the pasture-animal relationship and make decisions related to pasture management. These variables, along with environmental variables, interfere with growth rates and development of grasses. Monitoring the characteristics of leaf tissue flows dynamics enables to describe the pastoral environment resulting from the changes caused by the action of the herbivorous. Elucidation of these characteristics is especially important when there is an increase in stocking rate due to the use of supplements, since their use is growing in pastoral systems.
Considering the importance of Italian ryegrass (Lolium multiflorum Lam.) in livestock production systems in southern Brazil it is, probably, the most studied species in this region. Studies on morphogenesis and leaf tissue flows have already been performed in this forage (Cauduro et al., 2007; Confortin et al., 2010; Confortin et al., 2013 Pontes et al., 2003) , but they do not explain directly, the impacts caused by the increase in stocking rate, as a result of supplementary energy, on the flows of leaf tissue in ryegrass. This study was conducted to characterize the morphogenetic response and to assess the dynamics of leaf tissue flows in ryegrass grazed by beef heifers under different stocking rates caused by the supply of supplements to grazing animals. nitrogen), as topdressing, divided into three applications (27/5, 3/8 and 9/9/2010) .
Material and methods

This
The experimental animals were 44 Angus heifers, with an initial age of eight months and body weight (BW) of 143±10.6 kg. The flows of ryegrass leaf tissues were evaluated under two stocking rates: 'low' (700 kg BW ha -1 ) -heifers exclusively on pasture and 'high' (1,100 kg BW ha -1 ) -heifers on ryegrass pasture and daily supplemented with corn grain in a proportion of 1% BW. The grazing method was put-and-take stocking to maintain 1,200 to 1,500 kg ha -1 DM of forage mass. The stocking rate (SR; kg ha -1 BW) per evaluation period, was calculated by measuring the sum the mean live weights of tester heifers plus the average weight of each heifer used for adjustments in the stocking rate, multiplied by the number of days in the experimental unit, and divided by the number of days in the trial period.
Thermal sum (TS) of each period was calculated by the equation: TS = S (tmd -5°C), in which tmd is the daily mean temperature of the evaluation period and 5°C is the baseline temperature for growth of cold season forage species.
The forage mass (FM) was evaluated by the direct visual estimation method with double sampling. Forage from the cuts was homogenized for manual separation of botanical and structural components. After the separation and drying of the structural components in a forced air oven at 55°C for 72 hours, we determined the proportion of leaf blades and stems in the FM. From the proportion of leaves and stems, we determined the leaf/stem ratio (LSR). The forage accumulation rate (FAR; kg DM ha -1 ) was assessed using three grazing exclusion cages per area repetition.
Forage allowance (FA; kg DM 100 kg For morphogenetic measures 17. On these occasions, we measured the height of the pseudostem (cm), the extended tiller (cm) and the canopy (cm). The depth of leaf blades was calculated by the difference between average canopy height and the pseudostem height.
The length (cm) and the number of fully expanded and expanding leaves, and their condition (in senescence or not, intact or grazed) were also evaluated. Fully expanded leaves were measured from the ligule to the top, and expanding leaves, from the ligule of the last fully expanded leaf. For senescent leaves, we measured the length of the green portion of the blade.
Leaf appearance rate (number of leaves tiller
) was determined by dividing the number of leaves that have appeared in the evaluation period by the number of days in the period. Phyllochron was determined by simple linear regression between the change in the initial and final number of leaves and the accumulated thermal sum of each period. Phyllochron is the inverse of the slope of this regression, expressed in degree-days (°DD).
For the determination of the duration of leaf expansion (°DD), we multiplied the expanding leaves by the phyllochron of the period. The number of green leaves per tiller (GLT) was considered as the number of leaves that were not ) and the senescence rate (TxS; cm °C -1 ) were calculated by the ratio between the average elongation or senescence of the tiller between two consecutive assessments and the accumulated thermal sum in the same period.
For calculating the defoliation intensity (INT; proportion of the length removed), we identified the grazed leaf blades in each period and used the formula: INT = [(initial length -final length)/initial length]. The frequency of defoliation (FREQ; days of return to the same leaf) was calculated by the formula: FREQ = Number of contacts in the grazing days/(number of possible contacts* evaluation length).
Tiller density (DPP; tillers m -2
) was determined by counting the ryegrass tillers in four predetermined areas and four random areas of 0.0625 m 2 each. In the random areas, tillers were cut, subsequently counted, weighed and oven dried at 55°C for 72 hours and weighed again.
Leaf tissue flows, net balance, real efficiency of grazing and the potential efficiency of use were calculated according to Pontes et al. (2004) . To determine the consumption, in %BW, we multiplied 100 kg BW by the value of the average consumption flow per treatment and per period and divided by the stocking rate of the treatment per period.
A completely randomized experimental design was used with repeated measures over time, with two SR, and two and four replications of area for treatments 'low' and 'high', respectively. The variables were analyzed using the MIXED procedure of SAS (2004) . Selection test structure was performed using the Bayesian information criterion (BIC) to determine the model that best represents the data. The interaction between treatment and periods was broken down when significant at 5% level. Whenever detected differences, the means were compared by lsmeans, with 10% significance level.
Results and discussion
The average temperature of the experimental period was similar to the historical average. Rainfall was 63.7 (92) and 59.4% (91.3 mm) higher in July and September, respectively, and 25.6% (28 mm) lower in August. Insolation was 31.5% (42 hours) higher in July and similar to historical averages in August and September.
Stocking rates (SR; p = 0.0694) were: 'high'-1,102 kg BW ha -1 , when the heifers were supplemented and 'low'-732 kg BW ha -1 when the heifers were exclusively on pasture. The increase in stocking rate resulting from the use of supplements was 33.6%. This increased density of animals generates an increase in the probability of defoliation of leaf blades (Lemaire et al., 2009 ).
There was no interaction between stocking rates and periods (p > 0.10) for the forage allowance, leaf blades allowance, leaf/stem ratio and forage accumulation rate.
The forage mass (FM) was maintained, on average, with 1,476.7 ± 39.0 kg DM ha -1 (p = 0.2146), within the management range considered suitable for ryegrass (Roman et al., 2007) . The increase in SR due to the use of supplements was not enough to change the sward structure. The leaf/stem ratio was similar between the stocking rates and periods (p > 0.10), averaging 2.3. The average proportion of leaf blades in the forage mass was 42.7%, while that of stems corresponded to 26.7%. The forage allowance (FA; p = 0.1525) and the forage accumulation rate (FAR; p = 0.4134) were similar between SR, with mean values of 10.9 ± 0.8 kg DM 100 kg BW. This variable also differed between periods, being 42.8% higher in the first and second periods, with an average of 6.7 kg DM 100 kg -1 BW, compared to the third period (3.8 kg DM 100 kg -1 BW). Leaf blades are the components preferably consumed by herbivores, due to the lower energy expenditure required for its harvesting in relation to the stem (Hendricksen & Minson, 1980) , the lower resistance to breakdown by chewing and the shorter retention time in the rumen , (Minson, 2012) .
No interaction was detected between stocking rates and evaluation periods (p > 0.10) for phyllochron, leaf appearance rate, leaf expansion rate, leaf senescence, duration of leaf expansion, leaf life span, tiller density, height canopy, extended tiller height, pseudostem height, leaf blade depth, number of green, expanding, fully expanded and senescent leaves.
The following variables were similar in both stocking rates: phyllochron (163.8 ± 4.9 °DD; p = 0.5550), leaf appearance rate (LAR; 0.0074 ± 0.0002 leaves tiller ). According to Streck et al. (2003) , it is expected an increase in phyllochron, with a consequent decrease in the appearance rate, as new leaves appear, as they run a greater distance between the meristematic apex and the leaf end, requiring increased thermal accumulation for expansion. The leaf expansion duration (p = 0.0001) was intermediate in the first period (259.4 ± 11.0 °DD), higher in the third (302.2 ± 11.0 °DD) and lower in the second period (210.1 ± 11.0 °DD).
Leaf expansion rate (p = 0.2708) was, on average, 0.06 ± 0.003 cm °C -1 and similar in both SR, probably because phyllochron and forage mass were similar too. This is the morphogenetic variable that is, separately, the most closely correlated with the forage mass (Horst et al., 1978) .
A significant difference (p = 0.0458) was found for the senescence rate between stocking rates, being higher in paddocks with 'low' SR, with a mean of 0.125 ± 0.007 cm ºC -1 and 31.4% lower in paddocks with 'high' SR. This result indicates a better grazing efficiency in the 'high' SR. This efficiency can be defined as the proportion of forage accumulation in the pasture consumed by animals before senescence (Lemaire et al., 2009 ). Thus, the increase in stocking rate possibly increased the use of forage produced. Along the ryegrass cycle, there was 23.1% reduction in the senescence rate (p <0.0001) and 37.6% in leaf expansion rate (p <0.0001). These values might be explained by the stagnant production of leaves when the plant reaches the pre-reproductive stage (second and third periods).
There was no difference in the number of green leaves between different SR (p = 0.3674) and periods (p = 0.3940), with a mean value of 3.9 ± 0.3 green leaves per tiller. This value is similar to that found by Confortin et al. (2010) , of 3.7 leaves in ryegrass, which is described as a relatively constant genotypic characteristic. The life span of leaves was similar (p = 0.9471) in tillers in both SR, averaging 671.1 ± 34.5 °DD. Considering the average daily temperature (14.4°C), the lifespan of a leaf was approximately 46.4 days. The fully expansion of a leaf corresponds to the complete senescence of another one (Lemaire et al., 2009) and maintaining a relatively constant number of green leaves in a tiller is due to the balance between the leaf senescence rate and leaf lifespan. Lifespan of leaves was different between periods (p <0.0001); intermediate in the first period, with an average of 635.6 ± 27.3 °DD, lower in the second, with an average of 528.89 ± 27.3 °DD and higher in the third period, 848.73 ± 27.3 °DD.
The increase in SR resulted in no alteration (p > 0.1) in the number of expanding leaves (NEL; 1.6 ± 0.08), expanded leaves (EL; 2.52 ± 0.2) and senescent leaves (SL; 2.2 ± 0.1). These variables differed between periods. NEL was intermediate in the first period (1.6) and higher in the second (1.7), 9.6% higher than the latter period (1.5; p = 0.0351). EL was 16.1% lower in the first evaluation period (2.3) when compared to the third (2.7), and was not different from the others in the second period (2.5; p = 0.0788). SL was lower in the first period (1.4), intermediate in the second (2.3) and higher in the last period (2.9; p = 0.0002). The production of leaves in a tiller is continuous, the leaves remain green for a certain time (life duration of the leaves) and after this period, the blades that were not removed during the grazing will senesce (Confortin et al., 2010) .
There were no differences in tiller density (p = 0.1829) between the SR, with an average of 3,705.78 ± 113.5 tillers m ). This was not expected for this variable, where the trend is a decrease in tillering with the proximity of the reproductive stage. The observed behavior indicates that the high number of tillers, even at the end of the pasture cycle, is indicative of proper pasture management during its phenological cycle (Barth Neto et al., 2013) .
In the two stocking rates, the height of the canopy (9.4 ± 1.0 cm), the extended tiller (15.0 ± 0.6 cm), the pseudostem (5.6 ± 0, 4 cm) and the depth of blades (3.4 ± 0.6 cm) were similar (p > 0.10). This similarity may be associated with the management to maintain similar forage mass. The depth of leaf blades represented 40.6% of canopy height and is associated with the forage distribution in space that determines the ability of the herbivorous to consume the forage.
Moreover, there was a difference between periods for canopy height (p = 0.0686), which was 1.5 cm lower in the first and second periods (8.9 ± Acta Scientiarum. Animal Sciences Maringá, v. 37, n. 2, p. 115-121, Apr.-June, 2015 0.8 cm) compared with the third one (10.5 ± 0.8 cm). The extended height of the tiller (p = 0.0220) was 2.2 cm greater in the first (16.6 ± 0.7 cm) than the second and third periods (14.3 ± 0.7 cm). Next to the ryegrass flowering, there is the elongation of internodes, increasing the pseudostem height. The pseudostem height (p = 0.0226) was 1.7 cm higher in the last period (6.5 ± 0.4 cm) compared to previous periods. The pseudostem is a physical barrier for the harvest of leaf blades. The depth of leaf blades (p = 0.0021) was higher in the first period (4.8 ± 0.5 cm), intermediate in the second (3.3 ± 0.5 cm) and lower in the third period (2.3 ± 0.5 cm). The depth of leaf blades is the main factor to determine the individual performance of sheep grazing on ryegrass when there is variation in the value of FM (Roman et al., 2007) . No interaction was found between stocking rates and evaluation periods (p > 0.10) for the flows of growth, senescence and consumption, net balance, real efficiency of use, intake in % BW, defoliation intensity and frequency.
The 'high' SR did not affect the dynamics of biomass flows. The mean values of flows of growth, senescence and intake were 38.2 ± 4.8 (p = 0.8841), 100.9 ± 12.5 (p = 0.2909) and 22.6 ± 2.4 (p = 0.8662) kg DM leaf blades ha . This result can be related to the proportion of senescence flow, 62.1% higher compared to the growth flow. Parsons et al. (1983) emphasized the need to find a balance between the processes of growth, intake and senescence to achieve control of forage availability.
The different SR (p = 0.2813) and the periods (p = 0.8174) did not alter the consumption of leaf blades in % DM BW, which averaged 2.4 ± 0.2% BW. The dry matter intake predicted for this category is 2.8% (NRC, 2001) . Thus, regardless of stocking rates, heifers grazed the same amount of leaf blades in relation to their body weight. The intensity (p = 0.8584) and frequency of defoliation (p = 0.3414) were similar in paddocks with different SR. On average, heifers removed 60.9 ± 3.1% of the ryegrass leaf blade, higher than that reported by Lemaire et al. (2009) , around 50% of the length of the leaf blade. This value, according to these authors, remains constant at each defoliation event, independent of the animal density. The return interval of animals to the same leaf averaged 8.6 ± 1.3 days. Probably, the constant forage mass was responsible for the lack of alterations in the defoliation frequency by the animals. Leaf blades were grazed by heifers, on average, 5.2 times until the beginning of senescence.
The real efficiency of use was similar between stocking rates (p = 0.6694) with a mean of 0.61 ± 0.029, indicating that the growth of leaf blades was higher than the removal of leaf tissue by defoliation, effect allowed by the intensity of removal and the frequency of defoliation.
Likewise, there was no difference in the intake flow (p = 0.5311) and senescence (p = 0.6789) along the grazing cycle, but significant differences (p < 0.1) were detected for the variables growth flow, real efficiency of use, intensity and frequency of defoliation (Table 1) . The growth flow was 55.6% (16.7 kg DM leaf blades ha -1 day -1 ) higher in the first period compared to the third period, and the second period was not different from the others. The frequency of defoliation was greater in the first period; heifers took 6.8 days less for returning to the same leaf compared to the second period. In this sense, there was a higher growth flow and a higher defoliation frequency in the first period.
There was no difference in the defoliation intensity (64.9%) between the first and the third period. Heifers removed approximately 12% more of the leaf blade during the grazing at the start of pasture use and when the grass cycle approached the reproductive stage, compared to the second period.
The real efficiency of use was 30.8% higher in the third period, in relation to the first two, which were similar. The greater availability of leaf blade at the beginning of the use of pasture and the greater supply of new tissue possibly provided greater harvest efficiency of this material, resulting in greater efficiency of forage use. The highest real efficiency of use at the end of the ryegrass cycle may result from the increased defoliation intensity. In this period, the intensity reached almost 70% of the leaf blade. Real efficiency of use values of less than one for all evaluation periods evidence that the consumption of leaf blades was lower than their growth.
Furthermore, the potential efficiency of use of ryegrass pasture showed interaction between stocking rates and periods (p = 0.0353). In the first (-1.14 ± 0.5) and second (-1.91 ± 0.5 kg DM blades ha -1 day -1 ) periods, the potential efficiency of use was similar between the different SR. In the third period, the potential efficiency of use was 2.1 times higher in paddocks with 'high' SR (-1.50 kg DM blades ha ). The average negative value indicates that the senescence flow was greater than the growth flow. Excessive loss of plant tissues through senescence necessarily implies low use of accumulated forage. Heifers could potentially have consumed more forage when supplemented due to the replacement of forage by supplement, since supplementation usually increases the total dry matter intake, decreasing, however, forage intake, providing increased stocking rate (Freitas et al., 2005) .
Conclusion
For the same forage mass, there is greater efficiency in grazing when the stocking rate is increased by supplementing grazing animals. The intensity and frequency of defoliation in ryegrass is similar, regardless of the stocking rate.
The higher stocking rate resulting from the use of supplements does not change the leaf tissue flows in ryegrass. Animals consume less forage when receive supplement at the end of the ryegrass cycle.
